[1] Warm rain occurs in low-level liquid water clouds and 5 does not involve an ice-phase process. Comprising many 6 state-of-the-art passive and active instruments, the NASA 7 A-Train series of satellites provide comprehensive 8 simultaneous information about warm clouds and their 9 precipitation processes. This study exploits multi-sensor 10 data from the A-Train satellite constellation to investigate 11 the rain contribution from warm clouds and the potential of 12 using cloud microphysical parameters for warm rain 13 detection. It is shown that warm rain accounts for a 14 significant portion of total precipitation over the global 15 ocean. Cloud microphysical parameters (e.g., liquid water 16 path) show potential for detecting warm rain events and 17 estimating the rain rates. Key parameters for estimating 18 warm rain using cloud microphysical parameters are also 19 examined. Citation: Chen, R., Z. Li, R. J. Kuligowski, R. Ferraro, 20 and F. Weng (2011) 
6.9 GHz to 89 GHz and has a resolution of 5.4 km. In this rain. In Figure 1c , the AMSR-E rain rate estimates indicate 137 that most warm rain is not detected by the AMSR-E. Figure   138 1d shows that the MODIS cloud optical depth estimates are 139 well-correlated with the CPR warm rain estimates, but are 140 saturated for the deep convective system.
141
[12] The cloud/rain observations in Figure 1 154 temperatures. Figure 2a shows 240 estimates of cloud microphysical parameters and coincident 241 CPR rain estimates for low-level liquid water clouds. A 242 0.05 mm hr −1 threshold for the CPR rain rate estimate is used 243 to separate raining from non-raining situations. The cloud-244 top brightness temperatures of the selected cloud samples are 245 required to be higher than 0°C. The potential of cloud 246 parameters for estimating warm rain are discussed in terms of 247 rain/no-rain screening and estimating rain rate. The potential 248 for estimating rain rate is evaluated by the correlation coef-249 ficients between MODIS estimates of cloud parameters and 250 CPR estimates of warm-cloud rain rate. The potential of 251 different MODIS-based predictors for rain/no-rain screening 252 are evaluated using the optimal Heidke Skill Score (HSS). 253 HSS is computed by comparing the rain/no-rain screening 254 using MODIS cloud microphysical parameters with the rain/ 255 no-rain condition found by the CPR observations:
256 where c 1 is the number of correct no-rain detections, c 2 is the 257 number of incorrect rain detections, c 3 is the number of 258 incorrect no-rain detections, and c 4 is the number of correct 259 rain detections. 260 [16] Figure 4. Distribution of MODIS LWP for raining clouds and non-raining clouds.
